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Human evolution: How recent were the Y chromosome ancestors?
J.F.Y. Brookfield
Recent findings of low sequence variability of Y
chromosome genes has led to suggestions that the
most recent ancestor of human Y chromosomes existed
around 50,000 years ago and human population size
expanded about 28,000 years ago. But what level of
confidence can we have in these estimates?
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No other organism’s evolution is as interesting to us as our
own. We are extraordinarily fascinated by the variation in
human DNA sequences, not just for its own sake, but also
because of the inferences that we can draw from it about
recent human evolution, demography and population
movements. Similarly, the human fossil record, compared
to that of many groups, such as molluscs, is quite poor, yet
every human fossil found is investigated with extreme
care to see whether it can be made to suggest any new
clues about our origins. The conjunction of extraordinary
interest and largely uninformative data combine to make
inference about human origins one of the more specula-
tive branches of the biological sciences.
A new study of Y chromosomes by Shen et al. [1], however,
gives us data in abundance about Y sequence variation in
humans. They used the technique of denaturing high per-
formance liquid chromatography to detect variations in
four genes from the Y chromosome — SMCY, DBY,
DFFRY and UTY1, the latter three in samples of 70–72
Y chromosomes, and the first in a sample of 53 Y chromo-
somes, each sample representing diverse ethnic groups.
The sequences examined were remarkably long, 39,931
base pairs for SMCY, and a total of 38,468 base pairs for the
other three genes. In total, 98 polymorphic sites were
discovered, which, while an impressively large total, actually
represent less variation than would have been expected
from earlier estimates of Y chromosomal variability.
Shen et al. [1] note that the number of variable sites in the
sequences is high relative to the gene diversity, leading to
negative Tajima’s D values, ranging from –1.57 to –2.31
for the four genes, two of which are significantly negative.
This statistic, relating the number of variable sites in a
sample to the heterozygosity at the base pair level (the
gene diversity), has an expected value of zero under
neutrality and a constant population size. The authors
interpret these values, along with the sharply peaked
distribution of pairwise differences between the sequences,
as evidence of an increase in population size, which they
tentatively identify as having occurred unexpectedly
recently, 28,000 years ago. In their analysis, they also
include an analogy with the Luria–Delbrück distribution
of mutants in bacterial fluctuation tests, the relevance of
which is not obvious.
A companion paper from Thomson et al. [2] interprets
these data using the GENETREE coalescent estimation
program to arrive at estimates of the demography of the
ancestral population and of the time to common ancestry
of the sequences. The fundamental approach is to use the
sequences to produce an estimate of the neutral parameter,
θ, which, for a haploid genome such as the Y chromosome,
is 2Neµ, where Ne is the effective population size of males
and µ is the mutation rate per generation. The data should
depend only on θ, and not on the relative contributions of
Ne and µ. However, by estimating µ from the comparisons
between humans and chimpanzees (assuming 4.9 million
years as the time to our common ancestor) and a genera-
tion time of 25 years, Ne can be estimated from θ, and
comes out at 6,000, using the sequences for SMCY, DBY
and DFFRY. 
Similarly, given θ and the data for these three genes, the
expected time to common ancestry of the sequences is
84,000 years. But since the negative Tajima’s D value
suggests there has been a population expansion, the
model was also applied allowing θ to increase with time,
which realistically must be due to Ne increasing. The
model thus allows the simultaneous estimation of θ, a
current Ne and a rate of exponential population growth.
This model can also be used to estimate the time to
common ancestry of the sequences. (As I have pointed out
elsewhere [3], however, if the demography is known, and,
as here, neutrality assumed, there is little interest in the
time to common ancestry of any individual molecule.)
The resulting model, again based on a generation time of
25 years, gives an estimate of 59,000 years as the time to
common ancestry of the Y chromosomes of these samples,
which is remarkably recent. But the demographic model
associated with this estimate seems to be inconsistent
with other evidence. The current effective population size
is estimated as 28,000 Y chromosomes, and the growth rate
per generation estimated at 0.25%. This demographic
model allows us to predict the effective population size at
the time 59,000 years ago when the common ancestor
existed. As there have been 2,360 (= 59,000/25) generations
since this time, the effective population size in the model
is 28,000 × e–2360 × 0.0025, which is about eighty males in
the world-wide population of modern humans at that time,
a figure that seems very much at variance with any inter-
pretation of the fossil record and also with the high levels
of autosomal variability. This is an effective size, which
will be less than the number of males if the variance in
reproductive success between males is greater than Poisson,
for example. Nevertheless, it seems extraordinarily low for
the effective number of modern human males, including
those in Africa, at such a comparatively recent time. 
There are many possible types of explanation for the dis-
crepancy between the Y chromosome diversity and that of
the autosomes. Assuming panmixia (and neutrality in a
constant population size), the expected time to common
ancestry of Y chromosomes is expected to be four times
more recent than that of autosomal sequences [4]. This
would largely explain the reduced variability in the data,
particularly when it is remembered that the actual
phylogeny of the Y chromosomes is just one of many
diverse phylogenies possible given the same population
parameters. But modern human populations became, at
least partially, reproductively isolated from each other as
they colonised the world, and the timings of common
ancestries of the Y chromosomes and of the autosomes will
each be determined by these population movements, and
will not be expected to differ this greatly in time. Further-
more, this division into many subpopulations could result
in a situation of many variable sites having low frequen-
cies, giving the ‘signature’ of population expansion, even
if the population size was, in fact, constant. 
Selection could affect the data in many ways. As sample
sizes increase, so does the expected number of weakly
deleterious sites seen at low frequency in the sample, and
thus the number of segregating sites increases relative to
to that expected from the gene diversity and neutrality.
This has been seen often in samples of mitochondrial
DNAs [5], and will cause an excess of rare sites, which
might be taken to indicate population expansion. It would
also artificially inflate the estimated time to common
ancestry, as the weakly deleterious mutations being
observed will not be seen in interspecific comparisons and
thus will not be included in the mutation rate estimate.
A more obvious form of selection, however, a selective
sweep in this non-recombining genome, will change the
structure of the tree itself, and cause Y chromosomes to
share common ancestry much more recently than would be
expected from the effective population size in males and a
neutrality assumption. Advantageous mutations on the Y
could spread through the global population by occasional
movements of males between populations long after the
initial colonisation of the world outside Africa. There are
more than 20 structural genes on the Y chromosome [6],
and a selective sweep at any one could homogenise the
chromosome, followed by a re-creation of variability which
would now show a strongly negative D.
Selection of this kind tends not to be seriously considered
in studies of human variation, and it is tempting to suppose
that the reason is not any intrinsic unreasonableness of the
hypothesis, but rather because selective events, which
decouple current variability from past demography, defeat
the whole object of the exercise. As pointed out by
Bertranpetit [4], however, Drosophila geneticists have
known for a decade that low recombination regions —
such as the fourth chromosome — show extremely low
molecular variability [7,8], undoubtedly as a result of
selection (of some kind) at linked sites. It would be a
futile exercise to attempt to use the fourth chromosome to
estimate Drosophila melanogaster population sizes in the
past (even were these thought to be interesting). 
If genetic variability in human DNAs is more affected by
selection at linked sites than by neutral processes in
ancient populations, a serious question remains whether
the seemingly limitless scope for the assessment of human
diversity, offered by the three billion base pairs of human
sequences, will, given the linkage between and thus non-
independence of these sequences, ever be enough to
make rigorous estimates with low standard errors of past
demographic parameters.
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